During cold acclimation fruit flies switch their feeding from yeast to plant food, however there 27 are no robust markers to monitor it in the wild. Drosophila melanogaster is a sterol auxotroph 28 and relies on dietary sterols to produce lipid membranes, lipoproteins and molting hormones. 29 We employed shotgun lipidomics to quantify eight major food sterols in total extracts of heads, 30 female and male genital tracts of adult flies. We found that their sterol composition is dynamic 31 and reflective of flies diet in an organ-specific manner. Season-dependent changes observed in 32 the organs of wild-living flies suggested that the molar ratio between yeast (ergosterol, 33 zymosterol) and plant (sitosterol, stigmasterol) sterols is a quantifiable, generic and 34 unequivocal marker of their feeding behavior, including cold acclimation. It provides 35 technically simpler and more contrast readout compared to the full lipidome analysis and is 36 suitable for ecological and environmental population-based studies. 37 38 39 3 40 Introduction 41 42 Drosophila melanogaster (Dm) is an established model to study dietary and environmental 43 impact on lipid homeostasis and development [1]. Although in the wild Dm is believed to feed 44 on yeasts grown on rotten fruits and plants, it can also develop on a variety of foods, including 45 an artificially delipidated diet supplemented with sterols [2]. Dm lacks Δ-6 and Δ-5 desaturases 46 [3] and can only produce short-to medium-chain fatty acids comprising not more than one 47 double bond [4]. However, Dm also makes use of dietary lipids with polyunsaturated fatty acid 48 moieties (e.g. unsaturated triacylglycerols from plant oil) and incorporate them into its own 49 lipids [5,6]. Manipulating the composition of laboratory diets helps to produce larvae and adult 50 flies with a varying degree of unsaturation of their glycero-and glycerophospholipids and study 51 their impact on metabolism and physiology. However, changes in lipids unsaturation span 52 many lipid classes in a tissue-dependent manner and therefore a snapshot of the full-lipidome 53 profile could hardly serve as a robust marker of shifting dietary preference. 54 Like other arthropods, Drosophila is a sterol auxotroph: it exclusively relies on dietary 55 sterols to build biological membranes, lipoproteins, and to produce molting hormones [7]. Each 56 common dietary component supplies flies with unique sterols: a commonly used yeast food 57 (YF) is enriched in ergosterol (Erg); plant food (PF) contains phytosterols e.g. sitosterol (Sit), 58 campesterol (Cam) or stigmasterol (Sti), while animal components supply cholesterol (Cho) 59 (Figure 1) . We hypothesized that, in comparison to the full lipidome composition, sterol 60 composition could be a more specific dietary marker supporting ecological and nutritional 61 studies also in wild-living animals.
We previously quantified the full lipidome (including 8 major sterols) of 5 fly organs by 83 shotgun profiling [5] . To this end, total lipid extracts were split into two aliquots. One aliquot 84 was used for quantifying glycero-, glycerophospho-and sphingolipids. Another aliquot was 85 subjected to one-step sulfation by the sulfur trioxide -pyridine complex [5, 11] followed by 86 shotgun quantification of derivatized sterols. Sulfation increased the sensitivity and equalized 87 the mass spectrometer response towards structurally different sterols. In this way, the full sterol 88 complement could be quantified using a single internal standard (typically deuterated Cho) 89 after minor adjustment of peaks abundance by individual response factors. However, despite 90 extensive clean-up of reaction mixtures, sterols sulfation severely affected spraying stability 91 5 and the method suffered from poor batch-to-batch reproducibility [12] . Also, in meantime, 92 isotopically labeled standards of many relevant sterols have become available hence rendering 93 the instrument response harmonization unnecessary. Therefore, instead of sulfation, we treated 94 sterols with acetyl chloride according to Liebisch et al. [13] , detected acetylsterols as 95 [M+NH4] + or [M+H] + molecular ions, subjected them to HCD FT MS/MS and quantified using 96 fragment ions produced by neutral loss of the acetyl group (Figure 1 ).
97
Altogether, we aimed at quantifying 8 sterols that are common to flies reared on yeast 98 and plant laboratory foods ( Figure 1) [5]. Out of those, isotopically labeled standards were 99 available for 6 sterols, however not for the major fungi sterol Erg and the common phytosterol 100 brassicasterol (Bra).
101
To quantify ergosterol, we cultivated prototrophic yeast strain W303 Y3358 on 13 C6-102 glucose and produced fully 13 C-labeled ergosterol [14] . In this way, we obtained a stock 103 solution of 99% isotopically labeled 13 C-ergosterol and then determined its molar concentration 104 using a calibration plot made with unlabeled Erg standard (see Supplementary figure 1 ).
105
Since Bra and Sti only differ by one methyl group and also share the location of both 106 double bonds we tested if D6-stigmasterol could also be used for quantifying Bra. Calibration 107 plots of Bra and Erg covered a linear dynamic range of three orders of magnitude (0.16 to 100 108 µM) and were not affected by a surrogate lipid matrix (total lipid extract of bovine liver)
109
( Supplementary Figure 1 ).
110
To quantify fly sterols we used 2/3 of a lipid material extracted from 5 heads or 5 genital 111 tracts. The remaining extract was used for shotgun quantification of glycero-and 112 glycerophospholipids and ceramides using the same mass spectrometry platform and software 113 [15] [16] [17] [18] . Hence, the composition of fly tissues directly followed the composition of dietary 144 sterols, yet flies showed marked preferences towards several minor sterols. However, the 145 relationship between the sterol abundance in food and in tissues is not direct. H and mGT of 146 both YF-and PF-flies contained similar amount of sterols (in pmol per organ), despite YF 147 contained 3 times more total sterols than PF (data not shown).
148
On the starting day prior the food swap, fGT of YF-flies contained ca 4-fold more 149 sterols compared to PF-flies ( Figure 4A ) and 7-fold more membrane lipids (GPL and PE-Cer).
150
This corroborated with ca.7-fold higher content of eggs in fGT of YF-flies that were not 151 removed during dissection. In YF-flies both the number of eggs per ovary and the ovary area 152 were higher than in PF-flies (Supplementary figure 2) leading to elevated fertility [6] .
153
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